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. Crystallite size and strain of pristine and ball-milled LVPO calculated by the DoubleVoigt approach on TOPAS.
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EXAFS analysis:
A theoretical c(k) function was generated by performing ab-initio calculations on relevant structural models using the code FEFF8.2, 1 which was least-square fitted the data using the software ARTEMIS of the package IFEFFIT.
2 Figure S2 . EXAFS fits to the data of ball milled ε-LiVOPO4 samples. Figure S3 . Variation in the short vanadyl bond length and its distribution with ball milling time.
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EXAFS data of the ball milled samples were explained based on the triclinic structure of LiVOPO4 (space group: P1 " ). 3 Typical fitting parameters involved an amplitude reduction factor S0 2 and an overall energy parameter ΔE0 for each dataset in addition to a fractional change in the bond length, α, and a mean-squared relative distribution parameter, σ 2 , for each coordination shell depending on the type of backscattering atoms. Since V atoms are distributed over two distorted octahedral sites in triclinic LiVOPO4, local structures around these two sites were averaged to fit the data.
The first coordination shell around V has six oxygen atoms with short (1.626 -1.627Å), medium (1.945-2.099 Å) and long (2.240 Å) bond lengths. Best-fit to the data was achieved when separate fitting parameters were assigned to these bond lengths. A good agreement between the data and fit for all samples can be seen in Figure S2 . The refined values of vanadyl bond length and its distribution are plotted against ball milling time in Figure S3 . With increasing ball milling time, the short vanadyl bond length increases, which is consistent with reduction of V 4+ to V 3+ since the short vanadyl bond exists only for V 4+ . For this reason and since V K-edge XAS in the transmission mode probes the local structure around V 4+ as well as any V 3+ resulted from the ball milling-induced reduction, increase in the V 3+ content with ball milling time gives rise to increased distribution of the short vanadyl bond as shown in Figure S2 . Thus, observed changes in the preedge region are consistent with variation in the vanadyl bond length and its distribution, confirming increased V 3+ content with ball milling time. shifts calculated from DFT at 0 K in the ferromagnetic state into the paramagnetic regime, the approach previously reported was adopted, 4 in which the DFT calculated hyperfine coupling constant Aiso, is multiplied by a magnetic scaling factor, Φ, defined as:
where B0 is the external magnetic field, kB is Boltzmann's constant, Sform is the formal spin angular momentum quantum number of V 4+ (equal to 1/2), ge is the free electron g factor (equal to 2.0023), µB is the Bohr magneton, T is the experimental temperature, µeff is the effective magnetic moment and θ is the Weiss constant. The value of T at 60 kHz MAS was taken as 340 K to account for frictional heating. The values of µeff and θ were approximated 1.732 µB (spin only) and 0 K (Curie spin), respectively, as LiVOPO4 has previously been shown to adopt weak Curie-Weiss type paramagnetism. 5 The scaling factor at 340 K was calculated as, Φ = 9.285 ×10 −3 . 7 Li NMR fitting procedure: The 7 Li NMR spectra of the HEBM samples shown in Figure 6 (b)
were deconvoluted using the DMFIT software. 6 For the 0.5 h HEBM sample, the two distinct Li S6 environments at 79 ppm (peak 1) and 4 ppm (peak 2) were fit with narrow Lorentzian peaks. A broad Gaussian peak (peak 3) at 43 ppm was also required to adequately fit the spectrum, suggesting the presence of a distribution of Li environments as a result of disorder. The 1 st and 2 nd order sidebands associated with each peak were also included in the fit. In the final step of the fitting procedure, the peak position, width and intensity of all of the isotropic peaks was allowed to vary, in addition to the peak intensity of the 1 st and 2 nd order sidebands.
The deconvolution of the 0.5 h HEBM samples was subsequently used as the starting point for the fit of the other spectra at different HEBM times (0.2, 0.3, 0.4, 0.6 and 0.7 h) in Figure 6 (b).
For each spectrum, a multistep procedure was used in which initially only the peak amplitudes were allowed to vary, with the peak positions and peak widths fixed to the values found for the 0.5 h sample. In the second step only the peak amplitudes and the peak positions were allowed to vary and in the final step, all parameters (peak amplitude, position and width) were allowed to vary.
The resulting peak positions and widths are shown in Figure S4 . By using the multistep fitting procedure, large, unphysical variations in the peak widths and peak positions were minimized. Figure S4 . Variation in the (a) 7 Li NMR shift and (b) peak width of the three Li environments in ball milled LVPO as a function of HEBM time.
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31 P NMR fitting procedure:
The 31 P NMR spectrum of the 0.5 h HEBM sample was deconvoluted using a similar approach to the 7 Li NMR spectra. The P1 and P2 environments that were present in the pristine LVPO material (Figure 7(a) ) were fit with two Gaussian peaks at 1600 ppm (peak 1) and 1519 (peak 2), respectively, with widths of 123 and 382 ppm, respectively. A very broad (2514 ppm) Gaussian type peak was also included at 1889 ppm (peak 3). 1 st and 2 nd order sidebands were included in the fit for peak 1 and peak 2, but were omitted for peak 3. In the final step of the fitting procedure, the peak positions, widths and amplitudes of all of the isotropic peaks were allowed to vary, in addition to the amplitudes of the spinning sidebands. A direct comparison of the integrated intensities of the peaks was not attempted due to the very fast relaxation of peak 3, which meant that the majority of the signal was lost during the echo pulse sequence, even at 60 kHz MAS.
DFT optimized LVPO structures:
The structure of pristine LVPO with 1 " symmetry from previous reported 7 was fully optimized (atomic positions and unit cell parameters) with BS-I. A quasi-Newtonian algorithm was used for the optimization with RMS convergence criteria of 8.16 ×10 −3 and 3.27 ×10 −2 eV, for forces and displacements respectively. To investigate the effect of Li ordering on the structure, a second structure was created, in which the Li ordering along the [110] direction of the cell was altered.
This structure was created by removing two of the Li sites from the lowest energy structure of ε-Li1.5VOPO4 found in previous publication. 7 This structure, which will subsequently be referred to as structure-B, was fully optimized with BS-I using the same convergence criteria as the pristine LVPO cell. 
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Ionic conductivity (σi) and electronic conductivity (σe) of LVO:
The pellet of LVO powder was die-pressed and sintered, then coated with Ag conductor paste on both sides to form blocking electrodes. The size of pellet was 1.3 cm diam and 0.08-0.1 cm thick.
EIS was performed at room temperature at a frequency range from 200 kHz to 1 mHz with applying amplitude of 5 mV. The impedance spectra are shown in Figure S6 . The intercept of the depressed semi-circle with ZRe axis at high frequency is the total resistance Rtotal, corresponding to the electronic and ionic resistance in parallel connection (Ri Re / Ri+Re). [8] [9] [10] The depressed semicircle at low frequency is caused by the interfacial resistance. [6] [7] The inclined straight line of Warburg response at low frequency is attributed to stoichiometric polarization in LVO. 8, 9, 11, 12 The electronic resistance Re was achieved by four-probes d.c. methods, performed on Keithley 2400 sourcemeter. 9, 10, 13, 14 The measured σi and σe of LVO is 3.6 ´ 10 -7 and 1.3 ´ 10 -8 S cm 
